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FOREWORD 


In 1962, the Civil Defense Shelter Program was underway and large 
quantities of food were procured and placed in warehouses or in selected 
shelters against a possible need during a national emergencyv The types 
of food items utilized represented new formulations and new processing 
procedures which had not been procured before. Therefore, there was 
little or no information available regarding the storage stability for a 
5-yeai period. Also the hermetically sealed metal containers selected 
for the storage of the foods had not been tested in conjunction with 
these specific products for a 5-year period under the variable conditions 
likely to exist in shelters where there may be no temperature and humi¬ 
dity control. It was to simulate conditions likely to exist in these 
shelters and to collect informational data at selected intervals over a 
5-year period that this contract was proposed. This information was 
considered essential to the operation of the storage plan in providing 
current guidance as to the success or failure of the food items. 

On 20 June 1962, Contract DA 19-129-QM-2050 was awarded by the U. S. 
Army Natick Laboratories to the Georgia Experiment Station, University of 
Georgia, to provide facilities and collect data that would lead to a 
determination of the long term storage stability and utility of Civil 
Defense shelter rations and the containers in which they were stored. 
Authorization for this contract is included in Work Order No. OCD-OS-62-156 
between Department of the Army, Office of Secretary of the Army, Office 
of Civil Defense and Department of the Arn\y, Army Materiel Command. 
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ABSTRACT 


Progress is reported on storage of (1) 4 lots of survival crackers, 

4 lots of survival biscuits, and 2 lots of bulgur wafers for 36 months, 
and (2) 3 lots of carbohydrate supplement for 18 and 24 months, at 
1000F/80Z r.n.. 100V57SS, 70°/805S, 70757%, hO°/57%, and Q°F. Two special 
casee of biscuits from approximately 42 months storage in a GSA common 
storage warehouse are also reported on. Data include (a) bursting strength, 
moisture, and general condition of V3c fiberboard cases, (b) corrosion, 
coating defects, and leakage of 24-gal> and 5-gal. metal cans, (c) general 
package and product condition, (d) residual oxygen, fracture strength, 
moisture, peroxides, and free fatty acids of the wheat products, (e) 
moisture, pH, and sugars of the supplements, and (f) color, sensory quality 
and hedonic ratings for all products. 
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SUMMARY 


Annual Report #IV includes results of examinations of stored shelter 
rations as follows: 

Codes _ Products _ Storage Periods 

CD1, 3, 5, S survival cracker 36 months 

CD2, 4, 6 , V survival biscuits 36 months 

GSA* " " ca 42 months 

CD9, 10 wafers, bulgur wheat 36 months 

CD11, 12, 13 carbohydrate supplements 18 and 24 months 

*Two cases (12 cans) from General Services Administration common storage 
warehouse, Seneca, Illinois. 

I. Fiberboard Cases . 

1.1. Bursting strength, inversely proportional to storage temperature, 
ranged from 91 psig below initial at 100°F to 51 psig above initial at 
0° after 36 months in storage. Cases below 400 psig, initial mean 3*5#> 
ranged from 83 % at 100° to 5 % at 40° and 0°F, average 33^- 

1.2. Moisture content, inversely proportional to temperature and directly 
proportional to relative humidity, remained practically unchanged during 
the 1965-66 period; mean contents ranged 7.0-1 2 . 2 %. There was no indication 
of decrease in "wet strength" of the board. 

1. 3 . General condition , of the cases remained satisfactory for continued 
storage. 

1.4. Case markings remained essentially unchanged from condition as 
received. 


1 




SUMMARY (cont'd) 


II. Metal Cans. 


II.1-3. External corrosion of cans remained essentially unchanged during 
the current period, excepting a moderate increase in panel rusting of 
22 -gal. cans. 

11.4. Coatings remained unchanged; no evidence of softening of flaking 
were observed. 

11.5. Leaking cans did not increase during the third year, and no leak3 
were attributed to corrosion. 

II. GSA . The 2^-gal. cans from General Services warehouse had slightly 
less corrosion and abrasion of coatings than did the cans from the CD 
study. 

ITT. R ation s. 


III.A. Cereal Items . 

III.A.1.a. Package seals and materials of glassine continued to increase 
in breakage by ca 3 % seals and 2^ packages per year, but results were 
quite variable; waxed paper remained a better wrapper, and cellophane 
a poorer wrapper than the glassine. GSA biscuits , in glassine, averaged 
333> more broken packages than did the CD items. 

III.A.l.b. Breakage of products , which increased quite erratically through 
24 months, did not increase during the third year. GSA biscuit s averaged 
21 $ more breakage than CD biscuits and 12^ more than half of the CD cracker 
items. 


III.A.2.a. Sensory scores for appearance-color averaged as high as initial 
scores, the only differences being higher scores for lighter^-baked items 
and a 0.15 reduction in samples from 100°F as compared to those from 0° 
storage. 


III.A.2.b. Hunter color values continued to indicate moderate glazing 
of product surfaces and slight to moderate fading of red color at 
higher temperatures, with very slight browning in a few samples. 
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SUMMARY (cont'd) 


III.A.3. Fracture strength changed relatively little during the third 
year, continuing to indicate rather indefinite tendencies to increase 
slightly with time, particularly at lower temperatures. 

III.A.4.a. Residual oxygen averaged slightly higher than at 24 months, 
current averages being ca 9 % at 100°F, 14^ at 70°, 16 % at 40°, and 
l.’VjfJ at 0". Wafers remained lower than creackers and biscuits. 

III.A.4.b. Moisture contents continued to exhibit no apparent relation¬ 
ship to storage time or temperature, varying only with items and products. 

III.A.4.c. Peroxide values averaged slightly higher than after two years; 
free fatty acids increased seriously during the third year at 100°F, but 
not at 70° or below. 

III.A.2-4. GSA biscuits were darker than the CD biscuits, moderately hard, 
and 0.7-2.0^ lower'in moisture than were the CD biscuits or crackers. 
Oxygen content of cans was "average”, or under 18$, and the biscuits 
were not particularly stale or abnormal in peroxide and free fatty acid 
content. 

III.A.5.a. Sensory scores for texture indicated no serious change with 
storage; aroma and flavor scores indicated borderline acceptability 
for crackers and two of four biscuits from 100°F at 36 months, but 
wafers were less affected by higher temperatures. 

III.A.3.b. Hedonic ratings corresponded relatively closely with sensory 
scores, although somewhat higher and remaining abovo the borderline 
rating of 4.00 on palatability even from 100°F storage. GSA bisQuits 
averaged slightly higher than did the CD items on sensory ana hedonic 
scores. 

IlJ.A.^.c. Correlations of ualatability . with other measurements continued 
to exhibit definite trends associated with storage temperatures, and to 
a lesser extent with storage time. 


3 



SUMMARY (Cont'd) 


UI.B. Carbohydrate Supplements . 

III.B.l.a. Condition of bags changed during the second year by slight 
increase in number and extent of seam separations on seam test; 
only one item (CD13) had seams (ca 9%) which pulled completely apart. 

III.B.l.b. Condition of c mdies exhibited no apparent association with 
storage variables, except moderate color, aroma and flavor changes as 
noted below. 

III.B,2.a,b. Sensory scores for appearance and Hunter Color values 

indicated moderate darkening and slight glazing at higher temperatures, 
maximum changes averaged ca 1.5 score points at 1C0°F, 0.5 at 70°, 
and results were quite variable within items. 

III.B.4.b. Moisture content varied with items, averaged same as initial, 
with some suggestion of higher values from 0°F storage. 

IU.3.4.d. pH values varied only among items and in certain "odd" 

samples; a suggestion of lower values at 100°F, or higher at 0°, was 
not generally significant, 

IH.fl.4.e. .Sugar contents varied among items and odd samples, with no 
definite temperature effects; the only definite time effect was some 
increase in variability among samples. 

III.B.5.a,b. Sensory scores and hedonic ratings for samples from 1C0°F 

storage averaged ca 1.1 and 0.5 lower than those from lower temperatures, 
because of loss of aroma and flavor and development of slight "terpene" 
character at 100°. 

III.B.5.C. Correlations of oa.Latability with other measurements were 
still largely indefinite, although certain temperature influences 
were suggested. 





STORAGE STABILITY OF CIVIL DEFENSE SHELTER RATIONS 


STUDY CV TH*. -TCIuiCL STABILITY OF Cv-i-IiJi-rRS iU.T FCCD 
FHCCtii(x-kJ l 1 On jiitxi Civil iii'iSx 1 : J«>wui4ju FF.CGj.uu-a 

INTRODUCTION 

Due to variations in periodic examination dates for the 13 items 
held in storage during the fourth year of the study, the total period 
covered by the present report was 9 November 1964 to 21 March 1966 . 
Storage conditions for this period averaged (with standard deviations 
above and below averages) as follows: 


Code 

Temperature 

Relative Humidity 


°F 

Percent 

100/80 

99.9, +1.6, -1.3 

80.3, +3.5, -5.7 

ICO/57 

99.8, +1.7, -1.8 

57.5, +3.1, -3.1 

70/80 

70 . 1 , +0.8, -1.0 

80.6, +2.3, -2.7 

70/57 

70.1, +1.4, -1.3 

57.9, +3.2, -3.1 

40/57 

40 . 3 , +2.0, -2.0 

56.9, +3.6, -4.0 

0/arnb 

0 . 1 , + 3 . 0 , - 1.4 

ambient 


as noted in previous reports, deviations in storage conditions 
were those recorded in center air spaces in the rooms, resulting 
largely from opening doors for inspection, maintenance, and removal of 
samples—considerably smaller fluctuations may be assumed inside cases 
and cans. 

Products and examinations included in the report are as follows: 


Code 

Product 

Contract 

Storage Periods 

CD1 

Cracker 

2692-62 

36 months 

CD3 

Cracker 

2689-62 

36 months 

CD5 

Cracker 

2687-62 

36 months 

CDS 

Cracker 

2691-62 

36 months 

CD2 

Biscuit 

2686-62 

36 months 

CD4 

Biscuit 

2694-62 

36 months 

CD6 

Biscuit 

2688-62 

36 months 

CD7 

Biscuit 

2687-62 

36 months 

GSA* 

Biscuit 

1957-62 

ca 42 months 

CD9 

Bulgur wafer, white 

2254-62 

36 months 

CD10 

Bulgur wafer, red 

2254-62 

36 months 

CD11 

Carbohydrate supplement 

24018-63 

18 and 24 months 

CD12 

Carbohydrate supplement 

24016-63 

18 and 24 months 

CD13 

Carbohydrate supplement 

24023-63 

18 and 24 months 


#Two cases (12 cans) of biscuits, pack code 8920-823-7367, from 
General Services Administration common storage warehouse, Seneca, 
Illinois. 
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Examinations of samples from the six storage conditions at the three 
periods included or.e case and two cans per sample,, with the exception that 
two cases of biscuits with six cans each were examined from the GSA common 
storage warehouse. 

Statistical treatment and arrangement of data were essentially as 
described in Report //III, p .6 (19 July 1965). 

RESUL TS 

I. Fiberboard (V3c) Cases 

•jnples of items CD2 and CD5-CD13, packed 2 cans ( 5 -gal.) per case, 
consisted of 1 entire case ] those of items CD1, CD3 and CD/,, packed 6 cans 
(2i-gal.) per case, included only 1/3 case. The 36 -months samples of 
CD1 were the second from cases opened at 24 months, while those of CD3 and 
CD 4 were the final 1/3 of cases examined at IS and 24 months. 

Data for cases of bakery items (a) and carbohydrate supplements 
(B) are reported together in this section. 

I.A.B.l. Bursting Strength, (Table l) 

Bursting strength of the cases continued to decrease at 1C0°F, with 
some increase at 40° and 0°F, during the third year of storage of the 
cereal items. Results were less definite for the second year with the 
carbohydrate supplement cases. Mean changes from initial values for 
bursting strength at various periods of storage were as follows: 

Bursting strength, change from initial: (pounds) 


I-icnths 


Bakery ltei.i Ca&es 


Ccwbuh.ydrale Supplement 

Cases 

temp., F, 

6-12 

1 S- 2 A 

_36_ 

1 

6-12 

18 

_24_ 

± 

100 ° 

-48 

-74 

-91 

40 

-58 

“ 2 ? 

-57 

35 

70° 

- 1 

-16 

-11 

38 

-19 

26 

- 2 

32 

40 4 

22 

22 

37 

33 

6 

39 

- 2 

22 

0 ° 

20 

3? 

51 

42 

-12 

37 

30 

63 


Jill cases decreased at 1C0°F, and CD9, CD10, CD11 cases decreased 
at 70°« All except CD9, CD12, CD13 gained at 40°, and all except CD5, CB9 
and CD13 gained at 0 C . As seen above, variations were somewhat greater 
at 0°, particularly among candy item cases, than at higher temperatures. 

With reference to the specified minimum bursting strength of 
4C0 psig, 4 of 6 cases of CD5 and CD12 averaged below this value 
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(av 369) on initial examination, and numbers varying from 1 to 19 of 
other cases, excepting those of CDS, dropped below ICO psig during 
storage. Time and temperature patterns of these drops were as follows: 

Bursting strength, percent of cases below 400 psig: 


Months 

Bakery Item Cases 


temp,F 

0-12 

18-24 

36 

Mean 

100° 

31 

61 

83 

53 

70° 

7* 

8 

11 

8* 

4.O 9 

6 

0 

0 

2 

0° 

11 

6 

11 

9 

mean 

14* 

24 

33 

22* 


^Includes initials. 


Carbohydrate Supplement Cases 


0-12 

18 

24 

Mean 

67 

67 

67 

67 

33* 

17 

17 

27* 

33 

33 

33 

33 

50 

33 

0 

33 

44* 

39 

'3 

41* 


By items, cases under 4C0 lbs averaged 5$ for CD4 and 7> 12$ Bor 
CD2, 6 and 11; 21$ for GDI and 3; 29$ for CD9, 10 and 13; 58$ for CD5 
and 81$ for CD12, Mean values for the cases under 400 lbs were 369 
at 0-12 months, 372 at 18-24 months, 368 at 36 months; and 367 at 
100°F, 380 at 70°, 373 at 40°, 374 at 0°; the lowest average was 314 
in CD12, 100°/80$ at 12 months. These data indicate relatively 
definite time effects at 1C0°F, less definite effects at 0°, with 
large valuations in 70° and 1+0“ results and in items, 

I.A.B.2. Moisture Content, (Table 2) 

There were no general trends for change of moisture content of 
cases during the third year of storage (second year for cases of 
carbohydrate supplement). The pattern of moisture directly proportional 
to relative humidity and inversely proportional to temperature may 
be seen in Table 2, Ranges among the 13 items at the current period, 
and differences and deviations of differences between current values 
and those of the previous storage year, were as follows: 


Std, Dev, 


Condition 

Range 

Mean Dif., 

of differences 

°F/$ r.h. 

current 

% 

last 12 mo. 

$ 

± 

100/80 

0.9 

.13 

,16 

100/57 

1.0 

.0? 

.38 

70/80 

1.5 

-.10 

.19 

70/57 

0.8 

-.15 

.25 

40/57 

1.6 

.19 

,61 

0/amb 

2.2 

-.15 

.48 

Mean 

- 

~ .04 

.38 











The standard errors of differences were ± .26 for condition means, 
dr .19 for item means, indicating oy comparison with the data above 
that the only variations of significant magnitude were the ranges and 
deviations of items in rooms. 

Mean correlations of moisture content with bursting strength 
were + ,517 within items and + .531 within conditions. While 
accounting for less than 30$ of the variance, the relationship is 
positive and statistically significant, indicating a slight tendency 
for bursting strength to increase instead of decrease with increased 
moisture; i.e., the "wet strength 11 characteristics of the cases were 
very good, 

I.a.B, 3. General Condition of Cases, 

All cases remained in satisfactory condition for continued 
storage beyond the third year, although they were generally less 
“new" in appearance than were those received from ca 3i years of 
storage in the General Services Administration warehouse. The GSA 
cases apparently came from “inactive" storage, whereas rooms used 
in the present storage study are also employed for in-and-out 
storage of other types of packaged products, resulting in moderate 
amounts of “wearing" of the CD cases. There have, however, been 
no case failures even under these “active" conditions, and changes 
during the current storage year were very slight. 

Loose seals . There were no pulled staples or unglued flaps; some 
evidence of inadequate spreading of adhesive on the flaps was 
observed in 14 of the 30 cases of CD3, k, 7 and 11, Rated on a 
0-9 scale, this defect was noted in /+ cases initially, averaging 
0,40 ir 0,35, or very slight, nt 36 months (24 months in CDll), 
ratings among 13 cases from both ICO 0 and 70°F averaged 0,58 ± ,28 
(up 0,36 t ,39 from the last year), whereas only 1 case (CD7, rated 
0,6) was observed from 0°F and none from /*0°F. With reference to 
storage humidity for the 15 cases from ICO 0 and 70°, those from 80$ 
averaged 0,59 ± ,24 (up 0,31 i .38), those from 57$ averaged 0,57 i 
,31 (up 0,11 ± .40). Hence some increase in “inadequate spreading" 
which might be attributed to slight loosening around the edges of 
the adhesive is suggested at the higher temperatures, apparently not 
influenced by differences in relative humidity, but the evidence to 
date is far from conclusive. 

Delamination . One flap on each of 5 of the 60 cases of cereal products 
was partially delaminated; these wer 0 CD1 and CD4 from 70°/80$ (average 
1,75 ± .25) and CD8 and CD10 from 1007 57$ and CD10 from 40°/57$ 
(average 0 ,27 ± .17), As one case (CD4) was rated 4,0 for panel 
delamiaation from ?0°/80$ at 24 months, there appears to be some 
evidence of a tendency for delamination at this storage condition. 






but an incidence of j cases averaging 2,5 ± 1*1 from 20 cases, with 
two of these involving flaps, is not considered serious deterioration. 

fcoJd . Of the 2/,5 cases examined after 12 to 36 months of storage above 
0°F, small areas of mold were noted on the outside of 17 cases and 
inside 23 cases. Those occurred as follows (rated at 0 = none to 
9 — completely molded): 


12 «u 18 mo. 

21 months 

36 

months 

case:; ratine 

cases ratine 

cases 

ratine 


outside mold: 
1C0°/8C$ 

3 

.83 *± .51 





1 

.50 

70780$ 

5 

1.12 1- ,71 

3 

.83 

i 

• 2/, 

5 

.18 ± .2' 

inside mold: 

1007^0$ 

2 

.30 + ,10 

5 

.60 

-1 

.36 

3 

.50 i ,1( 

70'780$ 

57$ r.h. 

1 

.30 

2 

1.05 

.50 

•1 

X 

.15 

.13 

5 

,81 ± .7< 


For outside mold, these represent ca 6$ of cases examined from 
10°-1C0°F at 12-21 months (mean rating 0,96) and 12$ at 36 months; 
inside mold ca 3$ of cases at 12-18 months and 18$ (mean rating 0.67) 
at 21-36 months. It is apparent that the major increase was in 
incidence, not in extent or severity—practically all mold observed 
was of the short-filament or "fuzzy" type, i^dirating very slow 
growth, and causing little or no damage to the cases. 

Sweating of Cases , evidences of moisture staining of outside of cases 
averaged as follows (rated at 0 = none to 9 = very severe): 


Condition 

Cereal Items 

Carbohydrate Supplement 

°F/$ r.h. 

36 months 

21 months 

100/80 

.65 i .29 

.73 ± .34 

100/57 

.39 ± ,13 

.80 ± .20 

70/80 

.73 ± .27 

1.10 ± .70 

70/57 

,17 1- .22 

.67 ± .34 

10/57 

,65 1- .20 

.77 ± .17 

0/amb 

,28 * ,27 

.60 ± .22 

item mean 

.53 ± *09 

,78 ± .23 


datings averaged ,06 1 .23 higher than previous highs for the 
10 cereal items, but .81 ± ,23 lower for the 3 carbohydrate 
supplements. Current and previous higher ratings for the supplement 
cases apparently resulted from their having been stored later than 
were the cereal items, and therefore stored nearer the doors or 


-9- 







onto 





corners of the rooms where atmospheric fluctuations were more pronounced, 
Hone of the sweating has resulted In any real damage except to appearance, 
but it has probably contributed to the increased incidence of mold. 


Sweating of cans 

in 

cases. Moisture staininr of insides of cases and 

of outside surfaces 

of cans, while rated so 

parately, have remained 

nearly the same, 

so 

are evaluated together. 

Average ratings, on 

the usual 0 to 9 

3cale, were as follows: 


Condition 


Cereal Items 

Caroohydrate Supplement 

°F/% r.h. 


36 .enths 

26 months 

100/80 


.96 ± .60 

1.07 -1 .19 

100/57 


*57 •! *33 

1.08 ± .32 

70/80 


.96 a .61 

1.02 ± .32 

70/57 


.58 1- .30 

.97 ± .22 

60/57 


*69 ± .pQ 

.88 1- .28 

0/amb 


*50 ± .22 

.75 ± .22 

item mean 


.67 ± .26 

.97 * .12 


Ratings averaged ,CQ ± ,29 in comparisons with previous, highs 
for the 10 cereal items, with an .16 * ,11 increase for supplement 
cases and cans. The five heavy-can items (C39-C313, weighing 71-78 lbs 
per case) averaged .35 *1 *11 higher sweating inside cases than did 
the lighter items (C31-C38, weighing 36-60 lbs per case if the 6-can, 

55 lb cases of 2g gal, cans are averaged at ca 36 lbs, since they 
are sampled three times). The tendency for moisture condensation to 
increase with density of packaged feeds was previously demonstrated 
with commercial canned items, 3 


LTj 


AO 
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received, the originally damaged cases had been used, and the stacks 
were one case shorter than at the previous examination period. This 
resulted in lower ratings for collapse (bulged panels and ends) than 


those received the year before, oy an average of .36 less for cereal 
item cases and .60 less for cases of supplement. 


The data .indicates that the cases have apparently tended to 
"settle down", as temperature and humidity differences are less clearly 
defined than on some of the former examinations. There were no 
collapsed cans, so case "collapse" was not considered a serious problem 
in the 3-case stacks, now reduced to 6 cases in most stacks. 


a E. K, Heaton, C. F. Kayan and J. G. Woodroof, 1957* Heat and Vapor 
movement on Refrigerated Packaged Goods, Refrigerating Engineering 
65(d) :Z,2, 
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Kean ratings by weight 
follows; 

Case ’.it. Items Collapse 

classes and 

Condition 

storage conditions were as 

Collapse 

av. lbs. 

CD 


wmmwm 

>6 months 






cereal 

supplement 

34 

2,7,8 

.39 ± .53 

ICO /no 

.70 1- .34 

.73 X .25 

40 

5,6 

,61 x ,42 

10G/57 

♦40 x .2? 

.85 ± .32 

55* 

1,3,4 

.51 ± ,39 

70/80 

.55 ± .31 

1.0? i- ,46 

71 

9,10 

.81 u- ,46 

70/57 

.55 ± .50 

,82 ± ,27 

78 

11,12,13 

.89 X .35 

40/57 

.69 t .49 

,82 X ,21 




0/ai.ib 

.42 X .46 

1,08 X ,22 


^Case3 originally containing sr.x 2^-gal* cans, sampled 
at three periods each. 


i.A.B.4* Condition of Markings, 

The print and other markings on all cases was easily legible and 
generally little changed from initial condition. Mean values Tor 
cereal cases at 36 months and carbohydrate supplement cases at 24 
months, as compared to initial ratings (usual 0 to 9 scale) were: 



Fading of Markings _ 

Blurring of Markings 

storage 

cereal 

supplement 

cereal 

supplement 

initial 

.36 X .28 

,05 ± ,05 

• 4l *1 ,41 

.08 ± .07 

100/30 

,27 X .22 

.27 X .24 

.50 X .25 

,40 ± ,C0 

100/57 

,29 X ,11 

.33 x .17 

.45 X .22 

.33 * .05 

70/30 

,16 X ,16 

,23 ± ,23 

.45 ± .22 

.33 * .13 

70/57 

,13 1“ .13 

.07 T .05 

.40 X .22 

.53 ± ,17 

40/ 57 

.23 dr .16 

,23 ± .21 

.52 ± ,20 

,40 X ,00 

0/ai.ib 

*15 - ,11 

.17 ± 

.41 ± .28 

.37 ± .05 

mean 

.20 X .15 

.21 x .18 

.46 ± ,23 

,40 ± ,09 


The only significant difference is in the very low initial 
ratings for carochydrate supplement cases; these were unusually clean 
when received, but appeared quite similar to the cereal item cases 
after two years in the various storage rooms, 

I,a,B,la-4a, Biscuits from General Services Warehouse, 

Reference to Table 1 will show that the mean bursting strength 
of the GSA biscuit, cases was 479 psig, case difference 8, rep 
deviation 31, as compared to the CD1, 3, 4 mean of 486 ± 40, rep 


L\ 
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deviation 35 * 7 for similar cases stored at ?0°F/57$ r.h. Moisture 
content of the G6A cases (Table 2) averaged 7,92$, case difference 
,10, rep deviation, ,02; the Ci.il, 3, A cases averaged 6,32 i .21, 
rap deviation .04, after equalization at ca the same atmospheric 
conditions. 

There was no evidence of mold outside or inside the two GGA 
cases examined, nor was there any delamination of the fiberboard. 

Glue was unevenly spi'ead on the flaps, leaving Itosc corners (rating 
1,0), but there was no loosening oi areas where the adhesive had been 
applied. Evidence of outsido sweating was rated 0*6 -1- ,0, of inside 
sweating 0.5 x «3> moisture on cans 0,3 ± ,3» Collapse rated 1*75 dr 
,25, largely because of punctures and dented corners which appeared 
to have occurred during shipping, after cases were removed from the 
warehouse. 

The print and other markings were in good condition, rating 
0,15 ± .14 for fading and 0.32 ± ,22 for blurring—the slight blurring 
of a few areas also appeared to have resulted largely from shipping 
damage. In short, all indications were that the cases were in very 
good condition as they came from the General Cervices warehouse, 


II* Metal Cans 

II,A.B,1-3. Location, Severity and Type of Corrosion, (Tables 3 & 4) 

There was relatively little change in corrosion during the 
third year of storage of cereal items, or second year for carbohydrate 
supplements, except a moderate increase on the 2^-gal, cans stored 
at ?0°F. 

external rusting . The location of external corrosion remained 
primarily along the "wiped" areas adjacent to seams, with the 
exception that considerable increases in panel and bottom rusting 
were observed on the 2^-ga.l, cans stored at both of the 70°F conditions, 
particularly those at 80$ r.h. These averaged ,65 above 24 months 
(scale 0 to 9) and .56 above previous high ratings. The smaller 
type cans at 70 u /57$ wore also above previous ratings, by .26, and both 
Ol the 70° lots had more corrosion Ilian corresponding cans at ICO 0 . 

The 100°, 40° and 0° small cans averaged .03 X ,04 above 2/.| months 
values, i.e., no change, and were .10 ± ,02 under previous high 
ratings, which occurred at 6-18 months while the cans from damaged 
cases were being utilized. The same was generally applicable to 5-gal. 
cans, which averaged .08 -f .16 less than at 24 months and .57 - ,55 
less than previous highs IVr cereal items, and .08 ± ,i6 more than at 
IS months but .26 X ,51 less than previous highs for the supplement 
cans. The small decreases in cereal cans were mostly at 80$ r.h.. 
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while tho equally slight increases in supplement cans were at ICO 9 
and ?0®/5?#* Types of rusting observed arc shown in Tables 3 and 
all cans were pitted, and a lew had surface corrosion as well. 

Internal corrosion , ail internal corrosion was surface type, where 
products touched the can interior; as indicated in the tables, some 
of these contact areas were also slightly pitted. The only increases 
worth noting were in 2..-gal• cans at ICO 0 and 70° in 80% r.h.j tho 
ICO 0 cans averaged .23 alove 2,, months and ,10 above previous highs, 
while the 70° increases were ,t0 and ,13. The 2-2-gal. cans from 
ot.hor conditions averaged ,08 -1 *C7 above 21, months, but ,19 i .16 
below previous high ratings. Internal corrosion in the 5-ga.l. cans 
of cereal items averaged the same (-x ,12) as at 21+ months but 
,19 ± .13 below previous highs, while that in supplement cans was 
,10 * ,13 above 18 months and the same (*t ,06) as proviouo maximum 
ratings. 

Through the current periods of storage, external corrosion has 
been generally proportional to temperature and humidity (excepting 
the third-year increases in 2_-gal, cans at 70°F) with no consistent 
relationship to product type or can weight; the temperature and 
humidity pattern has remained, however, less definite in the 
carbohydrate supplements. Internal corrosion has varied largely 
with items, with no apparent relationship to any other variablo, 
Neither external nor internal corrosion has been associated with 
leaks, so the only significant detractions from product quality have 
seen the unsightly staining of can and caso surfaces (i.e,, I003 of 
"fresh product" appearance) and a 3light metallic taste of some of 
oho pieces of candy which were in contact with the can walls, 

II,A,D,/,, Defects of Can Coatings, (Table ,5) 


Again, as reported for previous examinations, no softening or 
other definite structural changes in can coatings wore observed. 
Coating defects therefore remain lack of cover near seams and 
in scraped or otherwise damaged areas, with slight but, on the 
2^-gal, cans, increasing areas in which rust has loosened coating 
around thin or discontinuous spots on the panels. The extent of 
such loosening was quite minor at the third year, sc dofect ratings 
remained closely similar to ratings for external corrosion in that 
both resulted largely from areas having no coating. 


The average ratings for coating defects were .13 ± ,09 below 
those at 2 1, months and .18 ± .11 below previous highs for 2^-gal. 


cans, .04 t- ,05 below 24 months and .22 1 ,17 under previous 


for 5-gal, cereal item cans, and ,07 "1 ,15 below 18 months and .29 * 
,16 under previous highs for cans of carbohydrate supplement. Thus 
prolonged storage resulted in less damage (actually practically none) 


than did disruption of the c^atn.gs in seaming and handling. 






II.a.B. 5. Leaking Cans, (Table 6) 

as seen in Table 6, there have been no leaks in cans of wafer 
CD10, and only one questionable leaker in cracker CD8 and two in 
biscuit CD2, Leaks in biscuits CD4 and CD6 appear to have increased 
with storage, at least up to 24 months. Other leaks, ranging by 
items from ca 1,5 to 11.3 percent of all cans examined, were 
apparently not associated with storage time or condition. 

All questionable leaks (very slow or interrupted bubbling on 
leak test, but some compositional evidence that the can had leaked) 
were in top seams or side seams adjacent to tops. So were 76 of the 
89 unquestionable leaks found through the end of the third year 
(two years for carbohydrate supplements). These inadequate seal3 
apparently resulted from bent can flanges in many instances, as 
lid flanges were flattened without proper insertion under the body 
flange—in a few cans a perceptible gap remained between body and 
lid. Of the other 13 leaking cans, 4 leaked through similarly 
defective bottom seams, 5 through seams opened by dents apparently 
incurred in shipping or handling, 1 at a pinhole made by a closing 
chuck, and 3 (carbohydrate supplement) as a result of lids so loosely 
crimped on that they were removable by hand, 

H.A.B.la-5a. Condition of Biscuit Cans from General Services Warehouse, 

The GSA cans were in somewhat better general condition than 
were comparable 2g-gal. cans of items CD1, 3 and 4 from 70°F/57$ r.h. 
(Tables 5 and 6). 

Comparable data were as follows: 


GSA Cans 

CD1.3.4 cans: 70°/57# 

mean case dif, can dif. 

mean can dif. 


e::temal corrosion 

0.32 

.03 

.29 

0.63 ± .31 

.20 ± .00 

internal corrosion 

0.57 

.13 

.55 

0.70 ± .00 

.39 ± .20 

coating defects 

0.67 

.13 

.55 

0.70 ± .20 

.29 ± .10 

leaking cans 

0 in 12 

- 

- 

1 in 6 

1 in 2 


Coating defects of these cans were primarily scratches and scraped 
areas from which coatings were missing, 

III. The Rations 
A, Cereal Items 

III. A,1,a. Breakage of Package Seal3 and Wrapping Materials, (Table 7) 

Seals 3roken . There were still no broken seals in biscuits 
CD2 (waxed paper) and CD6 (cellophane; only 1 broken seal, at 24 
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me runs), biscuit Gi// (waxed * Uj or) averaged I.G’4% (Table 7), which 
is .1 ,6% lower than at Id months a.'.d 3.6% lower than at 26 months. 
Wafers C^9 and CblO (waxed plaasino) had 0,63% e-ore broken seala 
than at 12-18 months, 0,1/,% ir.ore than at 21, months, but the CD10 
/Loan of 1,02% at J6 aionths is fho highest percentage of major seal 
ureuk3 ousorvea in the3e items. The other five items, biscuit CD6 
ar.d tho four crackers (ail in waxed giasainc), averaged 13,2 ± 9,2% 
at jb months, as compared to 9,0 t 6.8% it 2/. months ar.d 5.3 ± 4,6% 
at 18 months, Ihree of those have increased at each examination 
period (Cut was high at 18 months, CD5 unusually lew at 36 months), 
and the general averages 'or broken glassir.e seals at 12-36 months 
were 0.22, 3,98, 6,65, and 9,69%, respectively. Thus the tendency 
for increased loosening of glassine seals with prolonged storage 
seems relatively well established, 

although the largest individual percentages of broken seals 
have been observed from 7G S F/8G% r.h., followed by the 0°/amb, and 
lCO c /57% conditions, the general temperature effect, if any, remains 
uncertain. The time effect has applied to each room, with tho 
single exception that the rO°/8C% moan was G,/,l% higher at 24 than 
at 36 months. 


Packer cl. Tor n. There have been no torn packages in biscuit 
CD2; although all units are packed on edge, the waxed paper has hold. 
The other item in waxed paper, biscuit CD? with only one-third of 
the units packed or. edge, has averaged 6.2% torn packages (high 
11.5% at 24 months), oeing exceeded only by biscuit ChC (thin 
cellophane, 66% of the units on edge), which averaged 16,1%, with a 
high of 35,1% at 2g months, among tho glassine-wrapped items, no can 
of wafers has exceeded 1,6% torn packages and the 36 months wafer 
averages of 0.53 and 0,26% (Table 7) are the highest observed; these 
items are closely packed and have rounded corners, although 97% of the 
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biscuit CD 4 (2^-gal, can, units all on edge) had 7,8% tearing at 
56 months, 5.6% for the last, three examinations; cracker GDI (small 
can, 60% on edge) had 7,2% at 36 months but only 3,1% for 18-36 months, 
as compared to 6.2% for Ci2j (5-gal, can, one-lhird of packages on 
edge); CDj (small can, all on edge) ar.d C!5 (large can, one-third 
on edge) had o»9 and 0,7% at 36 months, 2,8 and 1,8% for 18-36 months. 
Thus the influences of can size and of packing the unit3 on edge 
instead of flat were not o 1 early defined by overall percentages, 
although most of tho torn packages were, in fact, those resting on 
the sharp edges of the units. 


The time effect was fairly well established, means for CD1 and 
CD3-8 at 12, 18, 26 ar.d j >6 months being 1,7 * 2,1%, 2,8 -i 2,6%, 

9,6 * 11,1% and 6,6 -1 6,*.%, respectively. High mean values for 

Cw5, 6 and 7 occurred at 2;, months, ail others (except CD2, '.o tearing) 

were at 36 months. 





A temperature effect was suggested in that torn packages generally 
averaged lowest from 40°F and next lowest from 1C0° (65# of all observations), 
these being 2.36/5 for 40° and 4.09$ for 100° as compared to 8.88/5 for 
70 c and 0° at 24-36 months, excluding CD2, Temperature results were 
relatively variable, however, so the relationship remains somewhat 
uncertain• 

Total Packages Broken . Total breakage was the sum of broken 
seals and torn wrappers in CD5, 6, 7 and 10 (with none in CD2). The 
other five items had "overlap" (packages both unsealed and torn) 
ranging from 0,07$ in CD9 to 4.16$ in CDS, average 2.40/6, Total 
breakage averaged ,C0 and 5.90$ for waxed papers (CL2 and 7), 15*77$ 
for cellophane (CB6), 15.87 ± 8,72$ for the four cracker items and 
biscuit CD4 in waxed glassine, and 1.33 .27$ for the wafers in 

glassine. Values were less than half those at 24 months for the 
CD7 waxed paper and CE6 cellophane, but somewhat more than the 
12-18 months percentages of broken packages in these items. Breakage 
of the glassine wraps has increased more or less steadily, previous 
averages being 0.56, 6.55 and 11.72$ at 12, 18, 24 months for the crackers 
and biscuit CD4, and 0.68 and 1.06$ at 12-18 and 24 months for the wafers. 
Thus there is apparently a time effect on the glassine. 

The temperature effect on total packages broken has remained 
too variaole for determining definite trends for the three years of 
storage. 


III.A.l.b, Breakage of Products, (Table 3) 


cubic 


Lines. 


Breaking apart at score lines was 


apparently not associated with whether units were baked 2 or 4 per 
layer, or whether packages were stacked in cans with layers lying 
flat or standing on edge. There Was generally more breaking apart 
of crackers than of biscuits (see Table «). 


An association of breaking with baking characteristics was 
suggested] crackers CD1 and CB5 were moderately hard, dark-baked 
items, hence brittle, and most of the 2-unit layers of Cbl were also 
Slightly concave, causing them to separate with pressure strong enough 
to flatten out the layers. Crackers CL>3 and CD8 and biscuits CD2 
and CD7 were r '' srately baked, and all except CD2 are relatively 
brittle in texture, out CDS has higher moisture, hence is apparently 
les^ brittle. Biscuit CD2 had tougher texture, and CB7 had lower 
moisture, causing CD7 to be more brittle. Biscuit CL6 was baked 
dark and was the hardest and toughest of all the crackers and biscuits— 
apparently too tough to break apart easily. Biscuit CD4, however, 
was the lightest-baked ana most tender of all the cereal items, so 
its relatively low percentage of breaking apart seems not to fit 
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into the pattern, until it is noted that this item had the third 
highest percentages of moderately and severely broken units— 
apparently the score lines were less easily broken than were the 
very light-baked units. 

There was no generally significant relation of score-line 
breakage to storage temperature, although significant ranges were 
found in crackers CD5 and CD8 and biscuit CD4. The only definite 
time difference was in cracker GDI, which averaged 9.52 -1 .32$ higher 
at 21-36 months than at 12-18 months; the other seven items averaged 
0,24 ± 1.8?/e less at 36 months than at previous examinations. 

Chipped or crumbled edges of wafers averaged ca 35 ±1$ lor 
the lighter wafer (CD9) and 39-116 for the darker (GD10), as 
compared to previous averages of 35 1 16$ for CD9 and 55 1 21$ 
for* CB10. These counts, not included in Table 8, have shown no 
relationship with anything except can variation, and since the 
slight crumbling of edges is more irritating than serious, 
determination of this defect is being discontinued, 

Moderate Breakage of Units . Mean breaking of cracker units 
averaged 16.46 1 ,24$ for CD1 and CI»3 (dark bake, fracture ca 1400 g) 
and 13.50 ± .45$ Tor CD3 and CD8 (baking moderate, fracture ca 
1150 g). Biscuit CD4 (very light, fracture ca 11C0 g) averaged 
15.07$; the harder and tougher biscuits CD2 and CL'4 had only 2.32 ± 
,40$, while CL>7, which had less moisture and more brittleness, 
averaged 4.82$, Breakage of wafers was very low, averaging only 
0,30 ± .06$ of the units. 

Temperature differences exhibited no consistent pattern, nor 
was there a consistent time effect, Tour items had more breakage 
at 24-36 months than at 12-18 months, however; these increases 
were 11.11 ± 1.73$ to 15.20 ± 2,16 for cracker CD3, 1.66 ± .03$ 
to 2.15 ± .22$ for biscuit CD2, 12.20 ±.93$ to 15,05 ± .02$ for 
biscuit C04, and 0.12 ± ,02$ to 0,32 + .08$ for wafer CD9. Two 
items decreased at 24-36 months, from 6.22 ± ,44$ to 4.84 ± ,03$ 
for biscuit CD? and 0,53 - .09$ to 0.30 ± .06$ for wafer CD10, 

Crushed Units . As may be seen in Table 8, percentages of 
crushed or seriously broken units followed the general pattern 
of score line and moderate unit breakage—crackers and biscuit CD1 
had most of the crushed units. There has been no consistent 
relationship of crushed units with storage temperatures nor with 
storage time, with the exception that cracker CD1 averaged 1,10 ± 
,17$ at 12-18 months and 0,32 ± ,04$ at 24-36 months. 

while results have been given in terms of percentages of all 
units in ail cans, only ca 52/» of the cracker cans, 27$ of biscuit 
cans, and 3$ of wafer cans examined from 12-36 months have had 




crushed units. In these cans only, extent cf crushing averaged 
1.66 -1 1.96/ for crackers, (CD5, 81/ of cans averaging 1,80/; CD3 
and CD8, 45/6 of cans averaging l.nl/; CD1, 35/* of cans averaging 
1*9952), 1.01 'Jt 1.02/ for oiscults (8,2 averaging 0.19/» in CL2, 

25/2 averaging 1.98/ in GDI, 31/* averaging 1.0?/* in CPo, 11/ averaging 
0.57/2 in CD7), and 6,03 - 3.72/* for wafers (none in CL9, 6)2 of cans 
in CD10). There was again no consistent association with temperature 
or time of storage. 

Total Frcduct Breakage , The total breakage shown in Table 8 
is the sum of score line and unit oreakage for CL2, 3, 5, 6 and 7, 
and is merely unit breakage for wafers CD9 and CD10. For Cbl, L, 
and 8, only half the score-line oreakage is included as total, 
because these are baked in 2-unit layers and thus have only half 
as many score lines as milts. 

Results again suggest the influence of item characteristics as 
discussed above. Crackers CD1, 3 and 5 averaged 31.33 - 1.56)2, 
while cracker CIS (higher moisture), biscuit CDl (light bake but 
relatively fragile) and oiscuit CD7 (lower moisture ar.d more 
brittleness) averaged 16.93 * 2,15)2. Biscuits C.32 and CL6, with 
higher fracture strength, averaged 6.10 ± 1.18)2, and the compactly- 
packed wafers had only 0.30 ± .06,3 breakage. Temperature differences 
were non-significant, and while ca 2/3 of the higher percentages 
of breakage were found at the last two examinations, the time 
effect is far from definite. Crackers and biscuits averaged 18,65/ 
at 12-18 months, 21.52/ at 21 months, 19.62/ at 36 months; wafers 
averaged 0.32/2, 1.085s, and 0.30/ at these respective periods. 

III.A.l.a-’o.i. Package and Product Breakage in Biscuits from General 
Services Warehouse, (Tables 7 and 8) 

The GSh biscuits, averaging HI units per 22-gal. can, were 
packed in waxed giassine, 2 units per layer, average 13, 11, and 
13 X 15 layers in the 15 packages per can. Packages were arranged 
in 5 tiers of 3 packages each, the tiers alternating with respect 
to units resting fiat or on ecigc; i.e., 10 to 60/ of the units were 
packed flat (or on edge). Thus the can, and the lay>3i- and package 
arrangement were similar tc cracker C31 and biscuit CD1, the 
wrapper and general pacuing were comparable to items C231, 3, 1, 5 and 8, 

Beal breaks averaged 3«33 "-r 5.78,* (13.3,* in 3 cans, none in 
9 cans), compares m 1C.33 * 9.31 in the cracker and biscuit 
giassine wrappers stored at 7G c F/57/ r.h. Torn packages, however, 
averaged 47.78 - 32.98,2 (range 0-100,2) as compared to 6,CO ± 8.CO/ 
in the CD packages, so octal unsealed packages averaged 18.89 i 
32.93/* (2/3 of packages with broken seals were also lorn) in the 
^*1* oXbouiis, i.5.0^ — *.n cci. ti arable CL items. 
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The GSA biscuits x'esembled cracker GDI and biscuit CD6 in 
color, being darker than the other biscuits and than crackers CD3 
and CDS, but not as dark as cracker CD5. Fracture strength was 
similar to that of crackers GDI and CD5, lower than biscuits CD2 
and CE6 but higher than biscuits CD4 and CD/ and crackers CD3 and 
CCS, Moisture content was ca 0,7% lower than that of cracker CD5, 
0,9-1,7$ below the CD biscuits, and 1,5-2,0$ below the other CD 
crackers, so the GSA product was relatively hard but also quite 
brittle. 

Score line breekage averaged 23.69 * 20.39% for the GSA biscuits, 
nearly as much as the ca 25.4% of cracker CD1 but considerably 
above the other crackers (12.53 ± 4.18%) and the CD biscuits 
(5.IB i 3.28%), moderate unit breakage was 12.46 ± 7.16%, also 
above the 5.23 ± 3«43% of the CD biscuits and the ca 10,7% of cracker 
CD5, but below the 16*17 ± 2,54% of the other CD crackers. Crushed 
GSA biscuits averaged 7.56 -i 11,26% (6 cans had none, others 
ranged 1.8-35.1%)., much higher than the 0,50 ± ,22% of the CD 
crackers and biscuit CD7 (C02, 4, 6 had none at 70°F), Total 
breakage of the GSA biscuits was 31.87 25.26%, similar to that 

of cracker GDI and below the ca 38% of cracker CD3, but higher 
than the 19.35 ± 1,85 of crackers CF5 and 8 and much higher than 
the 10,50 ■£ 4.61% breakage in the CD biscuits. 

It may be noted in Table 8 that differences between the two 
cases of the GSA biscuits were larger than differences among the 
six cans per case 3 one case had apparently been handled more roughly 
than the other, 

III.A.2.a, oensory Scores for Appearance and Color, (Table 9) 

Appearance and color scores have varied, but there has been 
very little overall change in storage means—the 10-item mean of 
7.32 at 36 months is almost the same as the initial mean of 7,34. 

Items CD1, 3, 6, 8, 10 were scored lower initially (6.76 ± ,23); 
at 36 months, these averaged 0,50 ,38 above initial and only 

0.11 -1 .15 below the highest scores received in storage. Items 
CD2, 4, 5, 7, 9 averaged 7,91 ± .31 on initial scores; at 36 months 
the average was 0,54 - .26 below initial and 0.26 ± .22 below the 
highest storage scores. Thus, since initial means of the two 
groups differed by 1,15 and the current group difference is only 
0.11, with general ...ean the same as initial, the only general time 
effect seems to be an equalization of score levels used by the 
judges for the various items. 

Temperature changes have been somewhat more definite, in 
response to a general tendency for fading (and in wafers an eventual 
slight browning) of samples at lCO^F and, in some instances, a 
perceptible dulling of 40°F samples. Host of the judges considered 




the fading at ICO 0 an improvement at 6 months, with the result that 
average scores were 7*42 at ICO 0 , 7,31 at 70°, 7.20 at 40°, and 7.26 
at 0° for that examination« As fading and slight glazing became more 
pronounced, the 100° scores were reduced; averages for 12-36 months 
were ?.05 at 100°, 7.15 at 70°, 7.13 at 40°, and 7.20 at C°. Even 
after 36 months, however, the 100° samples of cracker CD1 and biscuit 
CD6, both darker items, were scored higher than were those from 0°, 
and the 40° and 0° samples of the light biscuit CD4, were termed 
"duller" than those from 70° and 100°♦ 


111.A,2,b. Hunter Color Values, (Table 10) 


Hunter L Values , The general fading and glazing effects of higher 
temperatures are seen in the higher L values of Table 10, This 
temperature effect has been relatively consistent over the three years 
of storage, mean increases per examination period from initial to 
36 months being 1.11 ± ,71 for crackers and biscuits and 0,68 i ,68 
for wafers at 100°F, 0,86 -1 .20 for all products at 70°, and 0,51 1 
.60 for all products at 40° and 0°. Periods of greatest increase 
ranged from 6-12 months for crackers and biscuits at 70° and wafers 
at 0° to 24-36 months for wafers at 70°, most of the maximum increases 
coming at 12-18 months. Highest values were observed at 24 months in 
crackers CD5 and CDS, biscuit CI>7 and wafer CD9; all other items reached 
highest mean values at 36 months. 


The smaller increase in mean L value for wafers at 1C0° apparently 
resulted from a tendency for some samples to darken slightly with 
prolonged storage, but variability within samples of the wafers 
prevents a definite conclusion at this period. The average extent 
of fading or glazing was greater ±ov ohe darker waxer ^oDxw, average 
3.92) than for the lighter (CD9, average 3.30), and for the darkest 
biscuit (CD6, average 5*28) than for the lightest (CD4, average 3.67). 
This did not apply uniformly to the other biscuits or to the crackers, 
however, as these six items averaged 4.39 i‘ .49 without relationship 
to lightness of darkenss of baking. 


Hunter "a 1. Values . With the exception that cracker CD5, the 
"reddest" of all the cereal items, tended to decrease less in "a" 
or redness at higher temperatures and increase more at lower 
temperatures than did other items, the degree of baking was apparently 
not associated with either fading or increasing of the red color 
component, Temperature differences were fairly definite at 100° 
and 70°F, less so at 40° and 0°, 


The extent of fading of "a", and something of the relationship 
of fading to "glazing", which apparently was the main factor in 
increasing nhe L values as noted above, may be estimated as follows: 
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At 1C0°F, crackers and biscuits stored three years averaged 
0,81+ *1 , 1+8 below initial; inini..ium values for these products averaged 
1,27 *30 below initial, at periods averaging 11 ± 5 months for 

cracker CD5 and biscuits CD4, 6 and 7 and 33 '1 6 months for crackers 
CD1 > 3, 8 and biscuit CD2, Wafer CD9 was above initial at every 
examination, average increase being 0.51., with lowest values at 12 
and 18 months. Wafer CD10 averaged 0,20 below initial at 36 months, 
lowest values at 2l, and 36 months. Thus it appears that items CD5; 

CD/.,, 6, ?; and CD9 were browning to some extent at ICO 0 , and that 
continued increases in L values through 24 months for CD5, 7, 9 and 
36 months for CD/,, 6 were due almost entirely to glazing of the 
surfaces. 

at 70°F, the 36-months "a" values for crackers and biscuits 
were 0 , 1 + 1 + ± ,31 below initial, wafer's averaged 0,23 * *08 below. 

Minimum values averaged 0,81+ ± ,35 below initial, at 30 ± 12 months 
for CD1, 3 and 2, 4, 6 but 13 ± 7 months for CD5, 8 and CD7. Thus 
the latter three items were apparently browning at 70with continued 
increases in L values due primarily to glazing. The wafers averaged 
above initial "a 11 values for the three year period, but were below 
initial at 36 months. 

Results were variable at 4O 0 a'~.. °F, At 40°, cracker CDS and 

biscuits CD2, 6 and 7 averaged 0,3. - *09 below initial "a" values 
after three years (CD8 and CD7 averaged 0.36 below for all examinations) 
but the other crackers and biscuit CD4 were 0,53 - ,29 above initial, 
and the wafers were 0,30 ± .10 above. Maximum increases of 0.85 dt *05 
for wafers and 0.68 :t .16 for crackers and biscuits were attained at 
12 ± 6 months for crackers CD5 and 8 and biscuits CD2 and /, and 24 '1 6 
months for other items. Thus some fading with prolonged storage is 
suggested for CD8, 2, 6 and 7, and possibly for CD5 and 4, but not for 
the other four items. 

At 0°, cracker CDS was 0,4 below initial and biscuits CD2 and 
6 were the same as initial after three years; other crackers and 
biscuits were 0 , 1+8 i ,34 above, and maximum values for the eight 
items averaged 0,85 ± ,26 increase, at 13 ± 3 months for all except 
CD5. Wafers averaged 0,20 ± ,05 increase at 36 months, 1,05 1 .05 
maximum increase at 21 ± 3 months. Thus practically all of the 
increase in L values at the lower temperatures was apparently due to 
surface "glazing", as very little fading of red can be demonstrated 
except possibly in CDl. 

Hunter "b" Values . In evaluating the results of Hunter Color 
readings, it was noted that "b" values for cracker CD3 and biscuit 
CD4 were higher than any previous reading for these items, even thou. . 
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samples lor both came from the same cases of 2^-gal. cans which had 
been sampled at 18 and 24 months. Investigation revealed a "b" 
i.iirror on the Hunter instrument which sometimes stuck when standardizing, 
suggesting that the CD3 and CD/, readings could be too high, CD3 by 
ca 1.0 and CD4 by ca 2.0. If so, the general mean of TablolO would 
oe 21,98, which is the same as initial and the mean of 6, 18 and 24 
months readings, although 12 months values averaged 22.34* Regardless 
of whether the CD3 and CD4. readings were incorrect, the general trend 
for "b" readings has exhibited no major changes except a tendency 
toward slightly higher values at higher temperatures. This is in 
line with the fading noted at 1GC° and 70°F; no significant decreases 
in "b", such as would be expected with serious degrees of browning, 
have been observed, although slight browning has been noted in 
various samples. 

Hunter a/b Ratios . As the predominant color changes of crackers 
and Discuits have been fading at higher temperatures, a/b ratios have 
followed the pattern of changes in "a" or red component; i.e., 
considerable decreases at 1C0°F, lesser decreases at 70°, slight 
increases at 40° and moderate increases at 0°. The time effect is 
indefinite, as the primary change associated with time was increased 
glazing of surfaces, 

GSA biscuit readings are appended to Table 10, The visual 
relationships to the color of other biscuits and crackers were noted 
on page 19 (above), 

III.A,3. Fracture Strength, (Table 11) 

There seems to be very lit Lie if any significance in fracture 
strength variations except, among groups of items. For all samples 
examined, CD3 and 4 averaged 1083g, CD7 and 8 averaged 1173g, CD1, 3 
and 10 averaged l/,54g, and CD2, CD6 and CD9 averaged 1637, 1852, and 
22C0g, respectively. Initial average was iA15g, 6~12 months average 
l440g, 18-24 months average l/,68g, 36 months average was 1506g; the 1C0°F 
and 7OV80Z samples averaged l/,47g, 70 Q /57& and 0° samples l474g, 
and the 40V57/ samples 1497g. Differences as small as these are of 
little practical significance, considering the wide range among the 
ten items. They have, however, been relaLively consistent; i.e., 
there has been a recognizable trend fer one or both of the 100°F 
readings to ioe somewhat lower than one or both of the readings on 
70° samples, and for the values to be higher than those from 0°, 

As seen in Table 11 and noted above (p,19), the GCA biscuits 
were near "average 11 ir. fracture strength, ca l4CCg. 





lIX.A./ + .a. Residual Oxygen in Cana, (Table 12) 

Due to leaking can., the oxygen content of can atmospheres of 
biscuit CD4 averaged IV.7 ± .7# for the six. examinations from initial 
to 36 months. Other items varied as received, initial averages being 
16,8# for wafers, 17.8# for biscuit CD6, 19*9% for crackers CD1 and 
CD5, and 2^.3# for biscuits CDS and 7 and crackers CD3 and 8. 

Decreases have been generally proportional to time, temperature, and 
also to magnitude of initial decrease except in CD1 and 3« Values 
apparently approached equilibrium lows, however, at ca 18 months for 
wafer CD9 and 24 months for other items except CD2 and CD5, which 
reached low averages at 38 months. 

Excluding item CL>4, low averages and 36 months averages, respectively, 
for the nine sealed items are: 6,2# (av, 23 months) and 9*3% from 1C0°F 
storage, 12.0# (av, 26 months) and 13*8# from 70°, 15.4# (av, 29 months) 
and 15.9# from 40°, and 17,8# (av, 27 months) and 18,5# from 0°, The 
occurrence of low values at periods before 36 months in 35 of the 54 
samples was apparently due to can variations, including possible 
errors in readings, under near-equilibrium conditions. Levels attained 
by each item at 36 months are shown in Table 12, The G5A biscuits 
were comparable to biscuits CD2 and CD7 at the 70° conditions* 

III,a,4*b. Moisture Content. (Table 12) 

Moisture contents apparently vary only by items, as no consistent 
association with either tempei'ature or time of storage has been observed. 
The correlations of higher moisture with lower fracture strength in 
crackers (-,503 at both 24 and 36 months) and with higher fracture 
strength in biscuits t+,609 at 18 :r.o,, +,545 at 24 mo*, 1.650 at 
36 mo.) were maintained, but no such relationship as was calculated at 
18 months (1*794) and 24 months (1.633) was found in the wafers. 

as noted above (p.19), the G5A biscuits had considerably less 
moisture (1*12#) than any of the other CD products, which ranged 1.62 
to 3*59, average 2,71$. 

III.A.4.c. Rancidity Values of Fat from Rations, (Table 13) 

Peroxide Values . Mean levels of peroxides for 12-36 months of 
storage were: 


Months 

1C0°F 

70 °F 

40°F 

0°F 


P.V. 

P.V. 

P.V. 

P.V. 

12 

13.26 

3.84 

1.68 

1,41 

18-24 

1,C8 

.50 

.20 

.11 

36 

1.54 

.99 

.35 

.25 


2 2 _ub ,c H I . 


-23- 




Products 
36 months 


LC* F 

I'.V, 


0 ° F 

P.V. 


crackers 

biscuits 

wafers 


ICQ° F 

p.vT 

2,29 1- 1,10 
1.55 ± .87 
.16 *.1 »12 


70 0 F 

r ,V,' 

1,86 dr ,83 
.54 dr ,20 
.19 ± .15 


,/,7 ± ,43 
.21 ± .10 
.27 1* ,12 


.24 ± ,16 
,26 -i .09 
,25 ± ,13 


These values correspond very well with sensory ratings for the 
various items, and are typical of "equilibria!;." conditions ouch as 
have apparently been established in most of the cans. Values for 
crackers and biscuits are higher than those at 24 ...onths, and with 
the relatively static headspace oxygen pattern, it is probable that 
soue of the peroxidation occurred *ftcr the cans were opened for 
sampling and fresh air supplies were thus nude available to flush 
away reaction gases which had accumulated in the scaled spaces. 

Wafers, however, had lower values than at 24 ..outhu in the 70°F and 
lower conditions, indicating more advanced stages of cxidation (beyond 
the early or peroxidation phases) luring the third year and at least 
corresponding to the tendency for the lower-temperature samples to 
score lower than those fro;,. 1CC C . 


Free fatty acids . The relatively sharp increase in free fatty 
acids at 1C0°F, as compared tc ICO*' levels at 18 and 24 months, furnishes 
part of the basis for the suggestion that increases in peroxides in the 
higher-temperature samples may have taken place after the cans wore 
opened. Free fatty acids tend to increase under conditions which 
retard peroxidation; in active oxidation systems, free acids usually 
decrease, as they are more readily oxidised tnan are intact fats. Thus 
accumulation of mixtures of various reaction gases and water vapor, 
with reduced oxygen tension in the headspaces, would be expected to 
favor hydrolysis and depress further peroxidation while the cans 
remained sealed. 


During the third year, increases in free fatty acids for all 
items averaged .098^, and the 36-months average was ,089/S above the 
combined previous average for all ite...s except CD6, which remained below 
initial. Dy storage conditions, compared to previous high values, 
these increases averan d .184^ at lCC’F, ,010 at 70" and 40°, none 
at 0°. Thus the inci e was practically all at ICO 0 ; 3-year values 
at this temperature ranged fro;.. ,160 vc .850/., with an average of 
,514/3 as compared to initial average of ,28C>. The mean differences 
between ICO® and the iowc-i temperatures at each examination period 
from 6 through 36 months were ,026, .046, ,057, ,101, and ,231/3. It 
thus becomes apparent that nene of the items wore designed for 
prolonged storage at ICC®—even biscuit CD6 was up ca ,C*,,3, though 
averaging ca ,03/3 below initial at other conditions. 


V « 












hs noted in Table 13, peroxide values of the GJA biscuits were 
lower (0,23) than those of the CD biscuits or crackers; free fatty 
acids (0.26) were higher than those of biscuits CD2 and CD 6 and 
crackers CD1 and CD5, but lower than the other six CD items, The 
GSa product was not described as rancid or particularly stale by 
the score panels, 

III,A.5.a* densory ocores for Texture, Aro:;:a and Flavor. (Tables 9 & 14) 

Texture scores have varied quite a bit for the darker items 
such as crackers CD1 and CD 5 , biscuit CD 6 , and the wufero, as these 
were more unevenly baited than were the lighter products* There 
has been no serious decrease in the scores, but a tendency toward 
extra brittleness has been noted in samples from higher temperatures, 
beginning at 12 months. Differences between 100°F samples and tho 3 e 
froia 70 ° increased from ,05 at 12 months to ,13 at 36 months (.54 if 
wafers are omitted), while products from 40 s and 0 ° were rated above 
100 s samples by average differences increasing from ,24 at 12 months 
to ,54 (*62 without wafers) at three years. This trend may be observed 
in the texture scores of Table 9. 

The levels to which aroma and flavor scores have been reduced 
by storage at higher temperatures is shown in Table 14, These 
represent the following decreases from initial or (in items with 
low initial scores) previous high scores: 


Crackers_ _Biscuits_ _Wafers 



aroi.a 

flavor 

aroma 

flavor 

aroma 

flavor 

3.00 ®F 

2*90 

2.49 ±*55 

2.79 *,66 

2.79 ±1.14 

1.08 ±,39 

,38 ±.05 

70 C F 

*71 *,37 

,38 ±*27 

1.18 ±.42 

1,29 ± .6/, 

1.30 ±.20 

.73 ±*20 

40°«S,0 S F 

.14 **29 

,20 *,16 

.38 ±.67 

,41 ± .44 

.68 ±.19 

,03 ±,26 


The greatest decreases in aroma scores were noted at the second 
year from both ICO® and 70° storage. The flavor of 100° samples also 
decreases most during the fourth 6-month period, but the slight 
decreases in flavor from 70° storage were gradual and relatively 
variaole. The smaller decreases in wafer scores resulted from lower 
initial scores and higher 36-m.o:iLhs scores than those for crackers 
and biscuits; it is 3een that wafers from 70” were scored no higher 
than those from 1C0° after three years* 

The judges on the sensory evaluation panel considered all of the 
100° crackers, and biscuits CD2 and CD7 from ICO® storage, to be 
uefinitely borderline in acceptability at 36 months. 
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IIl.A,5»b* Hedonic natinga for nrc..a, Flavor anti Palal-ability * (Table 15) 


At 36 months, .r.ean dec ross-s fro... previous highs 
ratings were as follows: 


for hodor.ic 


Crackers _ uiscuito __ Wafers 

aroma & arena a arena Sc 

flavor palatabilitv flave v - alai.iL il ity fl aver malatabili tv 


1C0°F 1.73 ±.24 
?0°F .26 *.29 
4 G'&O'F .19 *,15 


1*18 ±.26 1.7/, ±,33 

,30 ±,20 ,65 -»2? 

.28 ±,19 *48 ±,26 


1.31 ±,15 
.75 ±.12 
.55 ±,17 


,13 ±,10 .10 -a.,09 

.46 ±.15 .22 ±,13 

-,16 ±,20w -.26 ±,C 6 


’•'■Racings averaged higher than at any previous examination. 


Reference to Table 15 will shew that a few of the cracker 
samples from ICO 0 F ware at the borderline ( 4 ,CO) or. aroma and flavor, 
Dut all palatabiliby ratings were acceptable by this criterion, The 
periods of greatest changes ir. ratings averaged 18-24 months l’cr 
crackers and biscuit. 3 , 6-18 months for wafers at lGG'F; 12-io menths 
for crackers and 18-24 months for biscuits and wafers at 70 ': and 
12-18 months for crackers and 24-36 mouths for biscuits and wafers 
at 40 ° and u°, These corresponded relatively well witn periods 
following peaks in peroxide values at higher temperatures or "breaks" 
in peroxide levels at 40° and O'; i,e., with expected oxidation 
patterns in tho scaled cars. 


as seen in Table V, the OJA biscuits scored about average on 


fd.ofit. rv> , wt", and flavor, however, (Table 14 ), the O.sa 


v# uw t, tax v* \ | • a-'-/ / ♦ 

product was comparable to biscuit Cm2 but acove other CD items 
except cracker CL»1 on aroma (6,58), and above all Items except 


biscuit CL6 on flavor (6,80), Hedonic ratings wore also comparatively 
high; as given in Table 15 aroma rated 6.31, flavor 6.53, palatabiliby 
6,57, in each instance higher than the other CL# items except biscuit 
CJ2. In general, the product from the General services warehouse 


wao in good condition after 3 a years of cu.j:.on storage. 


III,A,5.c» Correlations of ralaluoility Ratings with Other Measurements. 

(Table 16) 

The correlations shown in Taolo Jo are somewhat "out of context" 
when observed as a single set cf values; i.e., tho actual meaning 
of the correlations can Oe interpreted only in relation to lime, 
temperature, and the various characteristics of the individual items, 
.us each additional exa.. ana tier. ccitrii ut e-s tc the evaluation of 
tnese relationships, the detailed interpretation will .-0 discussed 
it. the final report of the current study. 









In gen oral, the correlations with Hunter Color values have 
depended on the fact that the predo. mant cc±or change has teen 
fading at higher temperatures, which have also been associated 
with reductions ir. palatabllity ratings. Thus correlations with 
Hunter " L" and "b" are generally negative, as those values tend 
to increase with fading and surface glazing, while those with Hunter 
"a" and a/b are positive, since red and red/yellow values remain 
higher in the non-faded or low»r-l«?...poralure samples, t.'ote, 
however, the switch in Lhe "all" biscuit correlations—the panel 
members, while scoring Lighter within-item samples down because of 
temperature effect, atill tend to prefer the lighter items within 
product types. 

Correlation with fracture strength and i..oisluro content have 
varied considerably, there leing some suggestion of higher fracture 
at lower temperatures, cut no consistent pattern with moisture 
content, Oxygen content and rancidity values obviously and 
expectedly follow temperature and time effects, and agreement 
of sensory quality scores with hedonic ratings has increased steadily 
in crackers and biscuits, though not ir. the less typical wafers, 

3* Carbohydrate Supplements 

The hard candy items were examined after 18 and 21, months in 
the period covered by this report, and data in Tables 17-26 include 
both examinations, host of the discussion below will emphasize the 
* . condition of the product after 21 , months, 

— — i rs _ . .» i i ± ... r r»„ ^ ^ 

.L!..L*1? * *i- * * UOIIU.L KJ 1 

Measurements of internal size and length of ton lips of candy 
bags wei-e discontinued after 12 ..enths. Counts of usable bags per 
can and measurements ana testing of bag seams are being continued. 

The cumulative numbers of usable bags through the 2i,-months 
examinations were as follows: 


Us^bJe iXttfS 

mere on tax:-’ 

>'f Cans 


per can 

CPU 

o'PI 2 

UPI.H 

Moan. 

21 

>' * j 

7.1 

7, 

6,2 

20 

8 c. .V 

66,5 

67,0 

80.2 

17 

J * 

11,1 

5,6 

7.1 

18 


5.6 

- 

1.9 

l/,a6jia 11 ea,) 

j V ) 

5.7 

- 

L . 9 

ii 


3.7 

- 

•1 ** 

none 

J- ♦ / 


- 

1,2 
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All cans except those (2) with none had 19 or more bags; the (8) 
cans listed with 17, 16, 15 or 11 usable bags had 3, 4, 5 or 9 
bags with only one extra-wide seam. 

Seam widths vary considerably from the ’'normal 1, ^-inch. 
Cumulative data through 24 months v;cre as follows: 


beam Width 


Percentage 

of Seams 


l6ths i. ( nh 

CDll 

GDI 2 

CD]. 3 

Mean 

09-16 


3.5 

1.4 

1.6 

08 

- 

1.0 

9.1 

3.4 

07 

1.1 

1.6 

9.3 

4.0 

06 

17.5 

11.7 

10.9 

13.3 

05 

- 

1.1 

- 

.4 

04 

69.0 

73.3 

6?.8 

70.0 

03 

3.9 

3.7 

.4 

2.7 

02 

7.5 

.7 

1.1 

3.1 

01 

1.0 

2.0 

- 

1.0 

CO 

- 

1.4 

~ 

.5 


Seam test results, by periods, are given in Table 17. While 
the results were extremely variable, there are suggestions that 
numbers of seams separating, linear extent of separation, and 
number of seams pulling completely apart (CD13 bags only) are all 
increasing slightly with time in storage. There appears to have 
been no consistent association ox seam failure with storage 
temperatures or with leaking cans during the first two years of 
storage, 

III.B.l.b. Condition of Candy. (Table 18) 

Total counts of yellow and red pieces, unsanded pieces, and 
off-color and off-shape pieces were discontinued after the first 
year, as these are formulation and packing variables not influenced 
by storage. Determinations of clumped pieces, chipped and broken 
pieces, and of lcose sugar and bits of candy which passed an 8-mesh 
screen are given in Taole 18. 

Clumping or pieces stuck together has been somewhat variable 
in CD11, including some association with leaking cans but no 
consistent association with storage conditions. Period means for CB11 
ranged ca 1.2-2,47’, as compare! to 0,08-0.13/7 range f-r clumping 
in CD12 and 0,24-0,46/7 in CD13. 

Breakage of pieces has also Leen variable, with no apparent 
associatin'- <dth any storage factor. Periodic ..cans for the three 
-Liens ranges 1.5-4.9/j, 3.3-24.3/-, and 3.9-7. /,■> for chipped pieces. 


- 
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and 0,24“2.65$, -0,60-0,255b, and 0,36-3,03$ for broken pieces in 
excess of chips from the chipped candy. Several cans of CD12 had 
fewer broken bits than the amount require'! oo restore the chipped 
pieces to normal weight, indicating chips lost before the candy was 
packed in the cans. 

Loose sanding sugar and bits of candy passing 8-mesh screen 
ranged, by periodic rneans^ 2,4-3.6$ for CD11, 0./ t 3-0,66$ for CD12, 
0,36-1,08$ for CD13again there was no apparent association with 
any storage variable. 

Ill,B.2,a. Sensory Quality Scores, Appearance and Color. (Table 19) 

The general means for appearance-color scores have varied 
relatively little, averaging 7.66 ± .13 for the four examination 
periods. As the candies tended to darken and appear slightly 
glazed at higher temperatures, the 100°F and 70°F samples were 
consistently scored lower than those from 40 ° and 0°, but the 
reductions of 100° and 70 ° scores were partially compensated by 
increases in scores for the lower temperatures. Maximum temperature 
differences were 1.50 at 100° after 18 months and 0,48 at 70° after 
24 months 3 mean differences were 0.99 for ICO 9 and 0,30 for 70° at 
these periods. In general, color and appearance were not seriously 
affected by two years of storage even at 100°, 

III.B.2«b, Hunter Color Values, (Table 20 and 21) 

The Hunter values for the lemon or yellow candies exhibited 
no consistent pattern of change, as the variations among cans and 
cases were quite large (Table 20), Visual inspection of the 100° 
and 70 °F samples revealed noticeable variations in "darkness" or 
dullness among individual pieces, but some of these were also 
observed in lemon candy from lower temperatures—the only indication 
of a trend was the slightly lower "b l! values at 24 months. 

The cherry or red candies were also quite variable (Table 21), 
and most cans of CD11 and CD12 ax. 24 months had slightly redder 
pieces than at 18 months. There was, however, a very moderate 
but fairly consistent darkening in the 100°F samples of CD12 and 
CD13, which is iiiusuraued oy the decreases in the "b" or yellow 
component of color. In general, color changes in either type of 
carbohydrate supplement have been considerably less than the 
differences among replicate cans, 

1II.B.3. Fracture Strength - Not applicable to candies, 

III.B. 4 .a. Residual Oxygen in Cans - Mox. determined in candies. 
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III.B.4.b 


Moisture Content. (Table 22) 


The mean moisture content for the three supplements when 
sampled initially, as average of item means, was 1.40 ± ,00$. 

Storage means on the same item basis were 1,77 ± .15 for 6 and 
12 months, 1,41 *1- ,19 for IS and 24 months. As standard deviations 
of rooms within items and of cans within rooms were ± .18 and 
± .17 at 6-12 months, 1- .16 and ± .11 at 18-24 months, the 
6-12 months moisture values were definitely higher than initial 
and 18-24 months values; the cause of the increase at 6-12 months 
has not been determined, 

Cnly two apparent differences associated with storage conditions 
have been observed. Cne is a general tendency for moisture from 
0°F samples to be higher than that from other rooms. By items, 
this increase averaged 0.24 ± .26$ for CD11 (2 of 20 comparisons 
were higher than 0°), 0.09 dr .09$ for CD12 (3 of 20 comparisons 
higher than 0°) and 0.04 ± .09 for CD13 (6 of 20 comparisons higher 
than 0°), so the trend was not absolutely definite. The second 
difference was an apparent reduction of moisture in the 100°F 
samples of CD12, This reduction averaged 0,14 - .05 (100° samples 
lower in 30 of 32 comparisons), so was relatively definite, but did 
not apply to items CD11 or CD13. 

The only other difference observed in moisture was between 
yellow and red types in item CD13. Of 52 cans examined in this 
item, yellow averaged 0.38 ± .17 higher than red in 36 cans, red 
0,17 dr .09 higher in 16 cans. Thus most of CD13 red was apparently 
less hygroscopic than the yellow, possibly as a result of slightly 
higher end-point temperature in cooking the red candy. 

III.B.4.C, Rancidity Values - Not applicable to candies. 

III,B,4»d, pH Values. (Table 22) 

as with moisture, pH values were also higher at 6-12 months 
than the initial and 18-24 months values, and again the cause of 
the first-year increase has not been determined, although a meter 
error was suspected. Data in Table 22, as room averages and can 
differences, show that there were two cases, or four cans, of 
CD11 with pH averaging 0.71 ± .04 lower than the other eight cans 
of this item at 24 months. Using the "normal" average of 6.48 for 
these low cans, periodic mean pH values, by items, were 6.67 ± .09 
for initial, 6.94 ‘-1 .09 at 6-12 months, 6,70 ± .10 at 18 months, 
and 6.56 -i ,08 at 24 months. 


3m _ 0. o /, i 
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As determined, CD13 averaged 0,25 ± .15 higher than CD11 and 
O.OQ i *06 higher than CD12, Samples i’rom 0°F averaged 0.22 + .24 
(16 of 20 comparisons) higher than other samples in CDll, 0,08 •£ 

,08 (18 of 20 comparisons) higher in CD12, and 0.06 ± *08 (14 of 
20 comparisons) higher in CD13, the differences being largely in 
lower 100° values (0,15 i .14) with the exception of the low values 
in CD11 (70°/57£ and 40°/57/0 at 24 months. The only color-connected 
pH difference was in CD12, in which the yellow candy avex-aged 0.18 ± 

.12 higher than the red in 34 of the 52 cans which have been examined 
(the other 18 cans averaging 0,04 dr .04 higher red). 

Correlations of pH with moisture were +.735 for yellow candies 
and +.722 for red candies (although CD13 red had a negative correlation). 
These include the highest or second highest positive correlations 
during the two years of storage for CD11 and CD12, but CD13 yellow 
has been quite variable and CD13 red has changed more or less 
progressively from +.426 at 6 months to -.633 at 24 months. This 
negativity resulted from higher pH with lower moisture; the reverse, 
or lower pH with higher moisture, which would be expected to result 
in hydrolysis of sucrose, has not been observed to any serious 
extent except in the low-pH cans of CD11 at 24 months. 

III,B.4.e, Sugar Contents. (Table 23) 

As with most of the other values determined in the candies, 
sugar contents were characterized mainly by their variability, which 
was greater at 24 months than at other periods in all parameters 
except dextrose in CD12. There was no definite temperature pattern, 
although dextrose in samples of CD11 from 100°/80% was somewhat 
higher at 18 and 24 months. An apparent time change, involving higher 
dextrose and lower sucrose in CD11 and CD13 at 18 and 24 months, 
resulted largely from the occurrence of certain "odd" samples, 
particularly in CD11. 

Examples of the "odd" samples were as follows: at 18 months, 
both cans of CD11 from 100°/80/b were low in Hunter L, and in "b" 
for yellow candy only, and more positive in Hunter "a" and a/b 
(i.e., the yellow candies had less green and the red candies 
more red); pH was normal, moisture low, yet dextrose was high and 
both sucrose and total sugar low in candies of both colors. This 
could have been a temperature or a formulation effect. At 24 months, 
both cans of CD11 from 100°/80$ were also high in dextrose and low 
in sucrose, out all other parameters were normal. Also at 2 L months, 
candies CD13 from 40 q /57$ were high jn dextrose and low in both sucrose 
and total sugar, with everything else within normal ranges. Finally, 
the "oddest" samples eneountei'ed were all four cans and both types 
of candies (lemon and cherry) of CD11 from 70°/5 ?a’ and 1+0°/57% at 24 
months. These had normal color, but were unusually high in dextrose 
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and low in sucrose and total su 6 ar (Table 23), and also unusually 
low in pH and moisture. The "off-normal" sugar’s could have resulted 
1’roj.L hydrolysis at the unusually low pH, but formulation variations 
seem a strong probability in all of the "odd 1, samples. 

In view of the fact that hydrolysis of sugars should be associated 
with low pH and high moisture (as well as with high temperatures, 
which apparently had no consistent influence), correlations of pH 
with moisture and of both values with the various sugar measurements 
were investigated. As noted above in the coiunents on pH, there were 
no significant combinations of low pH with high moisture; all candies 
had correlations of high pH with high moisture except CD13 red, which 
had high pH with low moisture. Thus pH-moisture relationships were 
not such as would be expected to stimulate hydrolysis of sugars. 

Relationships of pH and moisture, considered separately, with 
.sugar values were as follows; Lower pH was significantly correlated 
with higher dextrose, lower sucrose, and higher dextrose/suciose 
ratios within the three items, mostly CD11. Eliminating the eight 
low-pH samples and sub-samples of CD11, however, reversed the trend 
to an extent sufficient to afford a by-items correlation of higher 
pH with higher dextrose and lower sucrose. This tends to confirm the 
assumption that "odd" samples rather than trends were chiefly 
characteristic of the sugar values. 

V/ith respect to moisture, the correlation of low moisture with 
high dextrose and low sucrose and total sugar was due largely to 
CD11 "odd" samples; eliminating these again reversed the t?end (to 
higher moisture with higher dextrose and lower sucrose) in a few 
instances, but largely eliminated significant correlations of any 
type. Thus there seems to have been no consistent association of 
pH or moisture values with sugar values, except in some of the off- 
fortnula samples, in the first two years of storage, 

III,B,5.a. Sensory dccres for Texture, Aroma and Flavor. (Tables 19 and 2/ + ) 

While three texture "defects" have been noted with sufficient 
frequency to assume their reality, none of the texture scores 
(Table 19) have exhibited any consistent association with storage 
time or temperature. Overall averages are 7.69 for CD11, 1,Q0 for 
CD12 and CD13. The "defects" noted were a few pieces (mostly at 
6 and 12 months in high te. .peratures) which c°° r ..ed to have a less- 
hard surface shell, various sables in which candies seemed excessively 
brittle (again mostly at higher temperatures), and seme cans in which 
the candies seemed excessively "tough", these mostly at lower 
temperatures. Hone of these has occurred with sufficient consistency 
for statistical significance at any condition of storage. 
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Both aroma and flavor scores decreased with storage at ICO 0 and 
70°F (Table 24). For aroma, initial average by items was 7,57 1* *19; 
the 18-24 months average at 40° and 0°F was 7.51 £ .10, or essentially 
no decrease. Scores for aroma of 70° samples averaged 0,29 £ #23 
below 40 °- 0 ° scores at 6-18 months, 0,53 1* .28 below at 24 months* 

The aroma scores for ICO 0 samples were 0.75 vt *36 below 40°-0° scores 
at 6-18 months and 0.93 £ .07 below at 24 months. Decreases were 
ascribed to loss of typical aroma and eventual development of off 
or "terpene" aroma, particularly at 1C0°F. 

The initial average for flavor, 7.70 ± ,27, was almost the same 
as the 18-24 months flavor average of 7*72 ± ,30 for 40°-0° samples* 
Scores for ?0° samples averaged lower than those for l+0°-0° samples by 
0*30 ± ,30 at 6-18 months and 0,32 £ ,21 at 24 months; i*e*, the 70° 
samples averaged lower than initial, but changed very little in flavor 
from 6 to 24 months. Samples from ICO 0 averaged below 40°-0° samples 
by 0*78 ± ,29 at 6-18 months and 0,88 ± *19 at 24 months, indicating 
a moderate time effect. Flavor was scored down largely from "flatness", 
with slight "terpene" off flavor during the second year c .torage 
at 100°F. 


III,B,5.b. Hedonic Ratings for Aroma, Flavor and Palatability, (Table 25) 

The hedonic panels rated practically no difference between 
flavor and palatability (as seen in Table 25), so the hedonic ratings 
..iay be evaluated as aroma and fiavor-paiatability. Initial averages 
by items were 6,89 £ .12 for aroma and 7.57 £ .21 for flavor and 
palatability. 

The 40°-0°F average rating for aroma, by items, at 10-24 months 
was 6.78 £ .17, or only slightly less than initial. Compared to the 
40 °- 0 ° ratings, aroma for 70 ° sa. .pies averaged 0,04 ± .07 less at 
6-18 months and 0.19 £ .01 less at 24 months; aroma for 100° candies 
averaged 0.21 £ ,17 less than 40 °- 0 ° candies at 6-18 months, 0,54 £ 

,21 less at 24 months. 

Flavor and palatability averaged 6.98 ± .14 from /,0 o -0°F at 
18-24 months. The samples from 70° averaged the same (£.09) as the 
40°-0° samples at 6-18 months, 0,15 ± .05 less at 24 months. Candies 
from 100° were rated 0,14 £ .23 below 40 °- 0 ° candies at 6-18 months, 
0.43 £ .17 below at 24 months. Thus the greatest change in flavor 
and palatability ratings was the drop from initial; apparently the 
"novelty" wore off with repeated scoring of this product and the 
ratings dropped more for this reason them for the slight off flavors 
which were noted in 100°F samples. 
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III.B.5»c. Correlations of Palatability Ratings VJith Other Measurements* 
(Table 26) 

The correlations given in Table 26 are for the 24-months 
examinations, as correlations before this period were practically 
meaningless, As seen from the present coefficients, there is still 
relatively little significant relationship between palatability and 
other measurements except the sensory quality scores, 1'n other 
words, the temperature differences have become definite enough on 
aroma and flavor for the examining panel and the hedonic panel to 
agree, at least on CD11 and CD12, to a significant extent. 

The only other significant correlations are with Hunter L on 
red candies in general and a/b on red CD12, and with moisture content 
of CD12. The panel preferred the lighter or more glossy CD12 over 
the darker or duller CD13 and CD11, The preference for higher- 
moisture samples of CD12 apparently resulted from the fact that the 
70°F and lower candies of this item happened to average 0,32 ± ,02% 
higher in moisture than did the 100° samples* 

In general, the candies have changed relatively little with 
storage, so the predominant lack of correlations with palatability 
ratings is not surprising. 


. 
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CORROSION OF BAKERY ITEM CANS 

(0-9 scale, 0 = none) 
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a GSi J - biscuits (p.5) averaged 7.36 tor appearance-color and 7.28 for texture; case differences -were 
0.08 and 0.17, can differences 0.70 and 0.55, respectively. 

Significant difference for items in rooms. 

Significant difference for item means. 
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'Go,-, biscuits (j/,5) averaged 6.53 arona score and 6.80 flavor score; case differences were 0.1? and 
0.07, car. differences 0.86 and 0.80, respectively. 
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Significant at the % level of probability 
'Significant at the 1% level of probability 






RESULTS OF SEAM TESTS ON CANDY SAGS 
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SENSORY SCORES FOR APPEARAi'ICE-COLOR AilD TEXTURE OF CARBOHYDRATE SUPPLEuEHTS 

(scale from 10 = excellent to 1 = poor) 
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TABLE 21 

HUNTER COLOR VALUES FOR CARBOHYDRATE SUPPLEI'JENTS, CHERRY TYPE 
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SENoORI SCORES FOR AROMA AMD FLAVOR OF CARBOHYDRATE SUPPLEMENT 
(scale from 10 = excellent to 1 = poor) 
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